D
imensionless quantities, which are also sometimes called quantities of dimension one, are generally defined as the ratio of two quantities of the same kind. Examples are refractive index n (defined as the ratio of the speed of light in vacuum to the speed in a medium, n = c 0 /c); and mole fraction x i -more properly called amount of substance fraction (defined as the ratio of the amount of a particular substance i in a mixture to the total amount of substance x i = n i /Σ j n j ). Thus the value of a dimensionless quantity is simply a number, and it would seem that no unit is required. The International System of units, the SI, includes no units for dimensionless quantities as it is at present defined.
However important situations arise where the value of a dimensionless quantity is a number, which is very small compared to one, small by many powers of ten, or sometimes very large compared to one. For example the mole fraction of a minor constituent in a mixture may be of the order 10 −6 or 10 −9 or even smaller. When there is a unit in the value of a quantity it is customary and convenient to make use of the SI prefixes, so that instead of writing a small mass as, for example, 2.6×10 −6 g or 2.6×10 −9 g, we would write 2.6 µg or 2.6 ng, using the SI prefixes micro-or nano-for 10 −6 or 10 −9
. The convenience of the SI prefixes avoids the need to use powers of ten with large negative (or positive) exponents, which are clumsy to say and to type. However they are not available for dimensionless quantities, because there is no unit to which they may be prefixed.
The symbols ppm, ppb, and ppt are used to escape this problem. They are best thought of as non-SI units for dimensionless quantities with the meanings 10 , and 10 −12 respectively. They are abbreviations for the words parts-per-million, parts-per-billion, and parts-per-trillion. These symbols have become commonplace in everyday use, in the media for example, as well as in scientific and technical contexts. If we regard them as units it is important to note that they are not part of the SI. SI units have an unambiguous definition provided by the BIPM, which is accepted for use worldwide. It follows that if we accept the use of symbols like ppm then we have to ensure that they are unambiguously defined. Advice on the use of these symbols is provided by the SI Brochure, 1 the ISO 80000 series of standards, 2 the IUPAC Green book, 3 and the NIST Special Publication 330, 4 in addition to a number of other similar sources. There is also useful advice in a paper by Cvitas. 5 It is sometimes argued that the use of non-SI units The degree of dissociation was 1.5 % Use % rather than pph part per million ppm 10
The mole fraction of CO 2 in the atmosphere is about x(CO 2 ) = 300 ppm µmol/mol part per billion ppb 10
The air quality standard for ozone is a volume fraction of φ = 120 ppb The mole fraction of CO 2 in the atmosphere is 0.3 ‰, or 0.3 ppt
Use percent or ppm with a power of ten. Avoid using ppt which is clearly ambiguous.
part per hundred million pphm 10 −8
The mass fraction of impurity in the metal was less than 5 pphm rarely used should always be deprecated. However there is little point in deprecating their use if almost everyone continues to use them, which is the situation at present regarding ppm, ppb, and ppt. Because there is no official authority for defining their meaning, users of these units must consider these problems for themselves, and if necessary add extra words to ensure that their meaning is unambiguous. A particular problem arises in the meaning of a billion and a trillion: the usual meaning of these words today is 10 9 and 10 12 respectively, but there are still a few countries (notably Scandinavia) where a billion and a trillion are taken to mean 10 12 and 10 18 respectively, with corresponding changes to the meaning of ppb and ppt. For this reason ISO and the SI Brochure recommend that the symbols ppb and ppt should never be used at all, but nonetheless they are still in common use. Table 1 gives a number of examples of symbols for dimensionless units of the kind discussed here which are to be found in published literature. There are also a few other rules to note. The SI Brochure advises that none of these non-SI symbols should ever be combined with SI units. It is also a general rule that in specifying the value of a quantity, the definition of the quantity should always be specified-if possible by giving the recommended symbol in addition to the name. Never assume that the unit alone provides sufficient information to specify the quantity involved. The quantity should be clearly distinguished from the definition of the unit, which should preferably not be decorated with information on the quantity involved. Thus symbols such as ppm-V (intended to imply that the quantity is a volume fraction) should not be used; instead specify the quantity involved explicitly (see the examples in the table).
Some of the views expressed in this note are my personal views, with which others may not always agree. Different authors have different levels of tolerance towards the use of non-SI units, and it is a characteristic of the units discussed here that there is not really any general authority to advise on these units.
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NOTeS A new series prepared by ICTNS by Ron Weir
During the past 25 years, the revolution in communications has brought significant changes to all aspects of our lives. Our professional lives in science, engineering, and medicine witness new developments each month especially in the field of publishing where the findings of our work can reach hundreds of millions of individuals instantly via the Internet. These developments exert additional pressure on the requirements for clear unambiguous scientific communication. One can only imagine the frustration by shoppers at the time of the French Revolution attempting to seek bargains among the vegetable and fruit sellers when several different definitions of the livre (pound) prevailed among the merchants. That conundrum was alleviated in 1799 when France introduced the kilogramme des Archives along with the mètre des Archives.
Cultural differences and individual scientists working in isolation from the mainstream increase the challenge to ensure that communication in the language of science is understood by everyone. This is especially important in fields related to medical and pharmaceutical work, where life and death are involved. Customs officials are vigilant to ensure that imports are properly labeled, most often adhering to the international standards set by IUPAC. These standards are achieved through extensive consultation with scientists and various standards organizations to achieve the widest possible consensus throughout the world. Various international bodies, customs unions, and scientific journals also adhere to these international standards.
Within IUPAC, the Interdivisional Committee on Terminology, Nomenclature and Symbols (ICTNS)
